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Comparisons on the morning and dusk song characteristics of
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Abstract: [Objectives] Bird songs serve the functions of territory defense and mate attraction. Many bird
species exhibit high singing activity both in the early morning and at dusk. However, most studies on bird

songs typically focus on morning vocalizations rather than those at dusk. Since bird song characteristics are
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typically influenced by a range of internal and external factors, the different environmental conditions between
morning and dusk may lead to variations in songs within the same species, such as differences in acoustic
parameters or qualitative characteristics. However, such differences have only been verified in a limited
number of species, and whether this phenomenon exists in most bird species with bimodal singing patterns
remains unclear. In this study, we investigated the songs of Light-vented Bulbuls (Pycnonotus sinensis), a
common small urban songbird with prominent singing behaviors during both morning and dusk, aiming to
compare the song differences between these two periods and analyze the potential underlying causes.
[Methods] Recordings of Light-vented Bulbul songs were collected between mid-April and mid-May 2019.
Sampling was conducted on clear days during two specific time periods: morning (6:00 ~ 9:00) and dusk
(16:00 ~ 19:00). The study was carried out in Hongshan District, Wuhan, where songs were recorded from 15
different territories, each separated by at least 1 km (Fig. 1). A total of 302 songs were recorded during the
morning, while 268 were recorded at dusk. For each male’s song, the following parameters were measured
and calculated: 1) frequency parameters: maximum frequency, minimum frequency, frequency range, and
peak frequency; 2) temporal parameters: song duration and between-song interval; 3) energy parameters:
aggregate entropy and average entropy; 4) qualitative characteristics: number of syllables per song and
number of syllable types per song. Additionally, we examined syllable type occurrence rate, song type
occurrence rate, song type variants occurrence rate, and song type variability. Spectrograms for a song type
example and its song type variants are shown in Fig. 2. To examine whether there were differences in the song
characteristics of Light-vented Bulbuls between morning and dusk, we calculated the mean values and
coefficients of variation (CVs) for each acoustic parameter of each individual. A repeated measures
multivariate analysis of variance (repeated measures MANOVA) was conducted to compare the overall song
parameters of Light-vented Bulbuls between morning and dusk. The syllable type occurrence rate, song type
occurrence rate, song type variants occurrence rate, and song type variability were compared between morning
and dusk by the Wilcoxon signed-rank test. All statistical analyses were performed in IBM SPSS Statistics for
Windows, version 22.0 (IBM Corp., Armonk, N.Y., USA). [Results] There were no significant overall
differences in song characteristics between the two periods (repeated measures MANOVA, Pillai’s Trace, Foe
= 1.931, P > 0.05). Similarly, no significant overall differences were found in the CVs of these parameters
between morning and dusk (Pillai’s Trace, F1o,5 = 1.610, P > 0.05). Song parameters and their CVs between
morning and dusk are presented in Tables 1 and 2. Each Light-vented Bulbul produced an average of 5.0 £ 1.4
syllable types, 1.3 + 0.5 song types, and 3.2 + 1.4 variants per song type during morning singing. During dusk,
the averages were 5.1 + 1.1 syllable types, 1.1 £ 0.4 song types, and 3.2 £ 2.1 variants per song type. At the
same recording sites, individuals used the same song types in both morning and dusk periods (Fig. 3).
There were no significant differences between morning and dusk in syllable type occurrence rate (Wilcoxon
signed rank test, Zi4 = —0.738, P = 0.480), song type occurrence rate (Z14 = —0.057, P = 0.978), song type
variants occurrence rate (Zi4 = —0.966, P = 0.359), or song type variability (Zi4 = —0.255, P = 0.832).
[Conclusion] There are no significant differences in the aforementioned acoustic parameters of Light-vented
Bulbul’s songs in the study area, suggesting that the characteristics, stability, and overall qualitative
characteristics of the birds’ songs remain consistent between the morning and dusk periods. It is hypothesized
that the diurnal variations in environmental factors within the same habitat is insufficient to cause significant

changes in the song characteristics of Light-vented Bulbuls, and social factors may potentially mask the
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effects of these environmental changes. Therefore, it can be concluded that there are no significant difference

between the morning and dusk songs of Light-vented Bulbuls in the study region. This study contributes to

filling the gap in the research on the vocal behavior of Light-vented Bulbuls and provides new insights into

the dynamic patterns of bird vocalizations.
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Fig. 1 Locations of morning and dusk song recording sites of Pycnonotus sinensis in Wuhan

JREFEES: 58S (2025) 08 %5, JKEIAKIEE. The review number of the base map: ES(2025)008, the base map had not been modified.
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Fig.2 Spectrograms of a song type and its variants of Pycnonotus sinensis in Wuhan

a. FEHACHTEHT RS B0 R AR A; by c. % A MIBRMA R AL M A2; BIRAOEE 1 ~ 5 REHBIZGIE

RIPRET

a. Song type A of a Light-vented Bulbul recorded at the East Campus of China University of Geosciences (Wuhan); b and c. Variants Al and A2

of song type A. Numbers 1 ~ 5 represent the syllables that constitute this song type.
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Table 1 Morning and dusk song parameters of Light-vented Bulbuls (Pycnonotus sinensis) in Wuhan

- /% Morning (n = 15) # & Dusk (n = 15)
Song parameter FA = hite: f AL - ff

A% Maximum frequency (kHz) 3.39+0.16 3.09 ~3.80 3.40+0.18 3.10~3.75
BARAIA Minimum frequency (kHz) 1.41 +0.08 129 ~1.56 1.39+0.05 1.27 ~ 1.47
A6 B Frequency range (kHz) 1.98 +0.20 1.66 ~2.41 2.02+0.15 1.73~2.29
IS Peak frequency (kHz) 2.70 +£0.13 2.55~3.03 2.74+0.28 2.04~3.16
A I FE£52 1) ] Song duration (s) 1.21+0.14 1.06 ~ 1.55 1.27+0.23 0.94 ~ 1.80
N I 7] k% Between-song interval (s) 7.49+2.75 3.30~12.72 6.12£1.26 4.08 ~8.55
KA Aggregate entropy (bits) 4.74+0.16 4.52 ~5.00 4.81+0.17 452~5.13
F353)%5 Average entropy (bits) 3.89+0.11 3.72~4.11 3.83+0.11 3.66 ~4.03
NS IE % 540 No. syllables per song 42 + 0.6 3.0 ~ 49 42 £ 0.8 3.0 ~ 5.9
Mg IS 15 8 H No. syllable types per song 4.0 £ 0.6 3.0 ~ 49 41 £ 0.7 30 ~ 5.5
MY I8 55 2584 tH B3 Syllable type occurrence rate 0.37+0.26 0.11 ~1.00 0.41£0.28 0.12 ~ 1.00
s &Y HH P2 Song type occurrence rate 0.10+0.07 0.03 ~0.25 0.09 + 0.06 0.02 ~0.20
IS I, 70 A5 S 70 L g 2R

Sinz%yii%:fm};imem e 0.21+0.13 0.08 ~ 0.63 0.22+0.14 0.04 ~ 0.50
N AE AR S5 B Song type variability 2.43+0.90 1.00 ~ 5.00 2.93+2.06 1.00 ~ 8.00

K2 RIUBXBELER. BUESHRRRE
Table 2 Coefficients of variation (CVs) of morning and dusk song parameters of Light-vented Bulbuls

(Pycnonotus sinensis) in Wuhan

A 5 4 Coefficient of variation (CV)

Y IE S5 /= Morning (n = 15) # ¥ Dusk (n = 15)
Song parameter T + bRl it T £ 2 i
Mean + SD Range Mean + SD Range
B EZE Maximum frequency 0.04 +0.02 0.01 ~0.08 0.04 £ 0.02 0.01 ~0.07
HARSZE Minimum frequency 0.05 +0.02 0.03 ~0.13 0.06 £ 0.02 0.02 ~0.09
AZ G Frequency range 0.08 £ 0.03 0.04~0.14 0.08 £0.03 0.03~0.13
U472 Peak frequency 0.07 +0.04 0.02 ~0.13 0.09 +0.03 0.04 ~0.17
Y IS HE4ET H] Song duration 0.17+0.07 0.02 ~0.28 0.14+0.08 0.03 ~0.29
NSNS 5] [ Between-song interval 0.42+0.17 0.08 ~0.74 0.47 +0.26 0.10~0.91
FA I Aggregate entropy 0.04 +0.01 0.01 ~0.07 0.04 +£0.02 0.02 ~0.08
1408 Average entropy 0.03 +£0.01 0.02 ~0.06 0.03 £0.01 0.02 ~0.05
9IS 1544 No. syllables per song 0.13 +0.08 0.00 ~0.28 0.13+0.10 0.00 ~0.31
1Y 15 55 5% No. syllable types per song 0.08 +0.07 0.00 ~0.20 0.12+0.10 0.00 ~ 0.31

R A REAS IR A B TR S MR RO 5.1 = 1.1, MYERECN
it PR ARG IR R H KA 11+ 0.4, MRERUERAKCH 3.2+ 2.1, AHFIHY
BN 5.0+ 1.4, MIBREON 13 £05, MY GRESKSER. AR KMSER (8 3),
MERMAREMHON 32 + 1.4, BHAKNEE  UMIMERSREFEAERRE, HIRR
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Fig. 3 Example spectrograms of morning and dusk song types of Pycnonotus sinensis from two sampling

sites in Wuhan

av . BRFEPHMGIEL; by d SWEREPHMGIELR., a. b REHACARBE L o d FEMTH EMITRE GRBD RIX.

a and c. Song types recorded in the morning; b and d. Song types recorded at dusk. Recordings a and b were recorded at Moshan, East Lake;

recordings ¢ and d were recorded at the East Campus of China University of Geosciences (Wuhan).

PSR TR, BiERke. R BEA
S g nE A HHEEE (Wilcoxon signed
rank test, Zj4=—-0.738, P=0.480). MIEHIH
MZE (Z14=-0.057, P=0.978). MYNEFIAF 7Y
HILE (Z14=-0.966, P=0.359) LLKMGIET]
A (Z1y=-0255, P=0.832) HAEHEL
FER (P>0.05).

3 Wi

AHE T PO IX F SRR R
PRI ) BE N RIS RE R AEREAT EEAL M M, R
FENMARINE ISR 2R AE, WREHR S, I
SHMEEESH, UAREERSHAER. &
AR R ZE 5, Ul B 11 S5 A IR
FEARLAE X P A I T B B PR — 2. S RFIE S 4L
MR SFREEAAER . SRMAFAEREER, U
WY 1K R B B S PR R B AN EE
—ANI RN AR . B R g nE Ry

DA By S AR AR S R PR H B 8 I R A e 7 A
FIFER A IAFAE R 25, W A RIS 7EX P
AN ) B B NS IR S A BRI, B s g IR 2R
R B A ORI e L AR —
Bl BEMAUONHE T XSS R RS
ARHEZE S .

JEERIT ST CAIESE & 28N I8 ) 78 SRR 2 5
F| 4 5% ( Sorjonen 1986, Seddon 2005 ,
Bueno-Enciso et al. 2016, Sagar et al. 2024). X,
fiz (Schéifer et al. 2017) LA i#E7K T (Cynx et al.
2005) ZE 2 TR A L SRAE BRI, FKkahAE (2023)
WAESE S G 0 I R R E 52 2 19 RS,
(HIXLENG IS FRAE LT HEAZ R BT .
TRIHAE (2023) KI, IR ARG 0 IEFRAE
LK, YIRS HHEL, BRER
= BAALIN TR NS I A L B RO, MY IEATON RS
BR, HIEEETHZE, TS A 1 B 5
NETARINBENE L o ZE77 18 B Y ISR L 22
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SRR T RS R B AL T E RS . A
WEFCIAE ARG I EIH T AT, S Al Ad
ERERN ) VENE G EA AL NS PR L E 208 D
GNEFOR . R B RIBT ARG R B,
FEZE SRS [ — RAS AR T 2 ] %
SR E R ZE SR . KIS R ZEAE YT N ) sk
e E R CPRIFFRSE 2024), PRI i A= 155
FIHER R AR KBRS . IREADT T
HILRE TSI A, RS MAE R R
AN B AT GRS IR I 22 3L /NP AR, 1
E ] 5 2 1] 2 5 5T A AN [R] B A b 17 380 5 Ay
m FAT RS MR BT S5 ) B35 R &
FSto

T MR A R R ER B R
B oRRE AR AU ARAN R AR RS 5 TR
SN S SN IS ) 7 A2 AE (Ward et al. 2003,
Garamszegi et al. 2006, Zheng et al. 2013,
Gomez-Augustina et al. 2014, Schéfer et al.
2017). fE Schifer % (2017) HIWFFHT, B
5SS R S R 3 L DU 2 it o e MU - 3 TR E A T
TR T AR 5, Y I L g R T AR R R
e P - BRI PR T o0t N A v PR R PR
MIA B TR RS 48 BE R 4R RR A . 10 LA
v 14 S P A6 AT 3B, I RR S Y 32
BSOS B R, A A RS R IR,
R 5T ASRHCBE 2 RE B PE R Y L)
REFEAHS SE e S IS o ACHIT 7831 1) DU AR S
FHEAECRY], M) R
R R AL, AURBUERE AR R DL ] B
Fto BIRSREREMNTIGESR LK BOR 58 4
WG, AR AT R R A B IR AR
SRR RE B v AR ER TN, RUAAIRR.
bR sk ZHEEr, FR ARG IS e
A% R B AR H AR
W, SRR A A IR A R A AE B
FH AR, FAR IR AR AR R 4:00
I i B 5 M, 7E T F 18:00 I 15 3 i K AE (A
IS5 201000 LRI, Sk 5 S g
ME R RE LU AR R A B T AR Vi | B e )t

BEIREI, MIEFEFHEEME. SR8
B Z AR SR, RN REMNATE, £
W FE XS N SRS RS IR L R 2 2R Bl
FEARAL R RENA o HENI R T TR 1A 3 S AR
KPERZER, A AR R EE H
S BN NE PR 2R (1R B AR P, Bl A
5, SN TR e R, BN
PRUEARE MG IR R I 75 R 2 a5 HR 1
AR

Schifer & (2017) AR, 4723
FEn R, BRI A Ly M A ) i i 2 4 L A i e
IS A 2K 177 2 IR S TR FE K . 1Sk SRR
PR L 28 3K P AN P A (] R I RE 45 A AR 7S 22
fEFT R &2 SRR E MM S BRI CEE R . B
PR L 2 (RS IR ZE A AR T 5, HE T 2 N
BRI, SRR, 6t
CPIIEY) 4.6 kHz), IXFE )R L5 EAL 7%
FEHR 2R 5 52 B 2 S W 52 (Schifer et al.
2017). AHXFTRROE KL A, FLY 5 450K
ZHNER, ZRAENERABRNEEGH, 18
PRV LB R . AN S R
FE B A R 20 S XA IR T S R A
FIRR . AL, RROE KI5 IR AR Ik
JaHEEM 3 HHIE 6 HH I 40% ~ 90%, Kk
5550 T 3 R AR R S ~
25°C (Schifer et al. 2017), KT AHF 5 —
KZNREEE BERAIEE. Coomes Fl
Derryberry (2021) KL, 1£5250 % P 4G 1 15
i (35~43°C) AbF AT DLSan B i w4 i ng
ghRy, XMW T SRR IR A
B R AR . Rk, AT R 3
B—RZ AR BER SR TR 2
DA Sk SR T HS N IR AR AR 1 2 25 A8 Ak

EEW TR, —L SRR RIS N &
P ENEIE 3R (Brumm and Todt 2002), BHE S
YN8 ) 5 A5 (Slabbekoorn and Peet 2003,
Derryberry et al. 2020). {EAMH &2, HkEY
FT ARG S5 A 15 () A K5 Mgl 7 7K S AR A A, T i 2 )
= IR RFIE A AR R . AR (2023 HE T



1 3] HPREE: KRG B RHIE R B EE BT <87

EBTEDRGL A RN ARSI/ 2024)
AR, 2023 AT X (8] SF-35 46 3405 R
57.1 dB, RIEFEERFE SN 51.1 dB, BE
W S S R e ZEE N 6 dB, HEDMR . BN
[ B PN M P KT 1 22 S R s BB IR S BE /DN
AR AR 17 95 B 9 X 33 3R B 4D 38 40 A0 455 e 75 4
i, A EHL PR (PO &l A A B
6 /™ et I A5 ST By S AN R AR LR 6 I
49.8 dB, 9 Iy 52.7 dB, R~ 16 Iif iy 54.8 dB,
0 19 B4 54.6 dB, FIULR . By A A K
BARN, HBNIEEE/DN, HiREREBIX
DA A7 1 T 7 P R SRR AR CRA TR R R AL
P2). HEAE (2004) RI, PRETHE IR
2 F1 B P P A 1 Sk 0 IR Y AT s, A
U H P A b AT IR R X MR RS S IS E 4 i)
N 65.1 Al 65.5 dB, fikMers XM= E N 43.3
A1 43.9 dB, PISEIX I M K ZEE A 3 2
21 dB. Slabbekoorn Fl Peet (2003) & Hl, fEt
ANFI K AR (42 ~ 63 dB), FREEME
FE 2 AF RO K LU A2 N P () B AR A R T vy, TR
KAV 22 iR B SRR A SE (2004) B 7T 1) gk
FEFMY. Derryberry &5 (20200 KIL,
B3 M I ek 95 T 8 [ e 47 3 ( Zonotrichia
leucophrys) HINGIERINIG R, 8D, %
S DX HH A T A DX A B e S RS SRR 2
X 3 fi (I 2 0P 45 2008 913 221
99 dB)e AWFITIRVE IS [F]— P8 v [ g e
KPFAE—RNBIZEA, TR 2 8l HAl AR
KA 2 W25, HRIRE LS Bk
BT . R, SE5E AT R FE
FEAFAE B AR BE 1) /R, ] LAAS HIX AR ) 4518
RAE CRINXEER A W B S IAEE R - ] BERE I
BRI FEREAE, (EARHF S IESE 1 H— A5
W EIR PR (1R B AR AR BEAS 2 LA 5 B Sk
WS REREAE b AL, HENNE A HARR R,
Wt E, S IX SR 1 B2 .
RZ KT RN FEAT N BRI L2
KFEGRR, FGERTESRE, ARG EEE
fIEA £ (Hutchinson et al. 1993, Catchpole and

Slater 2008 , Aubin and Mathevon 2020,
Marin-Goémez and MacGregor-Fors 2021, [
REE 2023)0 R UGIEFE SARFAEHEAT R B LB )
B i 8 5T % % H #T X Bustamante F
Garitano-Zavala (2024 ) Xf # & 55 ( Turdus
chiguanco) 5. 2 FEAEIR T PR 5 A3k
TIPSR P AL s AT, 25 R B P Fh A5 A
ERFRGIERREHEEE S, JFHY
BEASIEA LG, R BRI R R ARG IR B T
AT ERR RIS [B] B K (R 491248 51 61 0 B v £
T, MENAARTEFEENEWRTHEM
RIDSngRg, ngng it 5 ZEARCK . AfH 248 g g
f H AR FEULR . BN IE 2R AR AR
ZEF R R . SAMERN . AR IR AR L 2 4
IR E RS ATE, HRRGEE R AMMA H e A4 1~ 3
PHIGIE R (M A1 & I 2008, ARIF K5
2024) . BT TS e i B SR GRS R i H B
PR 2 Mg, MR Ry 5 A
i, FERER. BIRAE Z /DA RIS
RUFIE R A ek 5, HARHACUESE T'e
ATHE X PRI 8] B A AR [RI RS RE Y, R
AEAE—LENG IR R AR e Y, (HAE BRI & 1528
BTSSR PR 7 HARZIE ], R rE dh H =
B2 T R S B S P N RE 2R A
BRI R BB 2 R IR 2
—o JAh, RERRAIRS A B = K
[, MEMYIENREZER DR HERR
IS IEAT N e B BN 2, Nt 42 A
RIMAER BB AR &= e 7 HEERI
(Bustamante and Garitano-Zavala 2024) .
—BERIE SRS 1 55 S R R B A )
DR, BRI R SETE . SURP PET N
A% (Kroodsma and Miller 1996, Staicer et al.
1996, Otter et al. 1997, Liu 2004, Amrhein et al.
2008, Foote et al. 2011, Aubin and Mathevon
2020), ¥ EMYIEHEATRLIIIRE. Eme A
Amrhein  ( 2008 ) 7E X #5 %9 ( Troglodytes
troglodytes) [IWFFEUER T H /R BrASIE/E LR T2
SIS R S HE S B RS TTH DIRE. FEEN
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5 (20200 NN, KRS (Cuculus canorus)
MES R NS RS AT N I 32 R B O B TR
WG| k. RS, WA E g A
SLESAMAT PR EILG, 1SR BS A0 I AN A ] (1)
NI 7 S P 7 f R B PR 1 1 B (1) 3 TS 3l A7
o PUA S PSR S FUAE s,  JLmSIE A K
ZHGE—FE,  [FE A E R AR 5]
VER (FAEA % 1996a, HiREMNEE R
2008, XI/NUNEE 2010, FRIFKSE 2024). 3k
WOPE IR BRI JG 2270 S RERFIE AT e SCRF 17 3
= BISIEThEERIG—tE. — KPR, Bt
T ARSI S TR AR I EE T A, BT
TR NS FE SR LA, 7RISR I H ) 35 B A
B, FSkI S HAE R —FE Mg g Uy 50k 4k 4t
BT AU E E s SRS I BER
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